INTRODUCTION
============

Hypertension is the leading remediable risk factor for cardiovascular diseases, which are resulting in an estimated 9.4 million deaths worldwide annually.^[@R1]^ Clinical trials have shown that treatment for hypertension substantially reduces the incidence of cardiovascular outcomes, such as fatal and nonfatal myocardial infarction and stroke.^[@R2],[@R3]^ Despite recent advances in medical therapy, hypertension is adequately controlled in only ∼13% of the diseased people worldwide,^[@R4]^ specifically 46.5% in the United States,^[@R5]^ and 24.5% in Taiwan,^[@R6]^ leading to the incentives to explore more effective hypertension treatment regimens.

A cornerstone of evidence-based hypertension treatment is the current guidelines of using renin--angiotensin system (RAS) inhibitors, including angiotensin-converting enzyme inhibitors (ACE inhibitors) and angiotensin receptor blockers (ARBs).^[@R7]--[@R10]^ For the majority of hypertensive patients, 2 or more antihypertensives are needed to achieve desirable blood pressures.^[@R11]^ The combination therapy of an RAS inhibitor with a calcium channel blocker (CCB) has been recommended.^[@R7]--[@R10]^

Nonadherence to a poly-pill regimen has been recognized as one of the main reasons for inadequate blood pressure control.^[@R12]^ Evidence suggests that a single-pill fixed-dose combination (FDC) more effectively controls blood pressure when compared with a free-equivalent combination or a monotherapy.^[@R13]^ The better medication compliance with FDC regimens may significantly reduce major adverse cardiac events (MACEs) and health care costs.^[@R14]^

The ACCOMPLISH study has demonstrated that FDCs of ACE inhibitor/CCB were superior at reducing mortality and cardiovascular events in hypertension management when compared with FDCs of ACE inhibitor/thiazide.^[@R15]^ However, the outcome data of FDCs of ARB/CCB in hypertension management are still lacking, even though ARBs are increasingly prescribed due to their less adverse effects than ACE inhibitors', especially in Asian populations.^[@R16]--[@R18]^

As a result, there is a need to evaluate the cardiovascular outcomes of FDCs of ARB/CCB in hypertension treatment. Given the lack of large-scale randomized controlled trials, we designed a retrospective claims database analysis to compare the clinical outcomes of FDCs of ARB/CCB versus those of ACE inhibitor/CCB in real-world hypertension treatment.

METHODS
=======

The data included in this study were obtained from the National Health Insurance Research Database (NHIRD) of Taiwan. The National Health Insurance (NHI) program, a state-operated, universal health insurance program implemented since 1995, covers ∼99% of the entire Taiwanese population.^[@R19]--[@R25]^ The NHIRD contains inpatient registries from all medical facilities contracted with the National Health Insurance Administration and provides patient information including new-onset MACEs, which are classified with 1 principal and 4 secondary International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis codes. The Bureau of NHI encrypted all personal identifiers before information was released to researchers. Confidentiality was addressed by following the data processing regulations set by the Bureau of NHI. The Institutional Review Board approval was waived.

Study Cohorts
-------------

Figure [1](#F1){ref-type="fig"} shows the patient enrollment for this study. Two study cohorts of patients diagnosed with hypertension (ICD-9-CM: 401.x) from January of 2008 to December of 2012 were generated from the NHIRD. The first group consisted of those receiving FDCs of ACE inhibitor/CCB, and the second group consisted of those receiving FDCs of ARB/CCB. The date of first prescription of the studied medication was defined as the index date, and a period of 12 months preceding the index date was defined as the baseline period. Hypertensive patients who received any FDCs of RAS inhibitor/CCB during the baseline period were excluded from the study. To estimate the frequency of new-onset MACEs in a hypertensive population without established cardiovascular diseases, we also excluded hypertensive patients with previous diagnosis of coronary artery disease, myocardial infarction, stroke, peripheral artery disease, or heart failure before and during the baseline period. Other exclusion criteria were ages under 18, prescription duration of FDCs of RAS inhibitor/CCB for \<6 months, concurrent prescription of ARBs and ACE inhibitors in the study period, pregnancy, and diagnosis of cancer.
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We performed propensity score matching to avoid selection biases resulting from nonrandom assignment in this retrospective study. The variables used in the matching process were age, gender, dyslipidemia (ICD-9-CM: 272), diabetes mellitus (ICD-9-CM: 250), obesity (ICD-9-CM: 278), and chronic kidney disease (ICD-9-CM: 585). The ARB/CCB group was matched at a 4:1 ratio to the ACE inhibitor/CCB group.

The primary endpoints were defined as MACEs, including all-cause mortality, myocardial infarction (ICD-9-CM: 410--410.9), stroke (ICD-9-CM: 430--437), percutaneous coronary intervention (ICD-9-CM: 36.0--36.03 and 36.05--36.09), and coronary artery bypass surgery (ICD-9-CM: 36.1--36.99 and V45.81). Mortality was identified using death certificate data files. The secondary endpoints included hospitalization for heart failure, new diagnosis of chronic kidney disease, and initiation of dialysis also based on the endpoint morbidity-driven ICD-9-CM coding.

To evaluate the effect of patient adherence, we used the proportion of days covered (PDC) according to the insurance claims for the medications.^[@R14],[@R26]^ Subgroup analysis was performed based on the status of medication adherence, that is PDC \< 50%, PDC 50% to 80%, and PDC \>80%. All patients were followed until the development of MACEs or for at least 3 years if no events occurred during the study period.

STATISTICS
==========

Continuous variables were compared using Student\'s *t* test, and categorical variables were analyzed by the chi square test. Data are presented as means, standard deviations, medians, or percentages. A logistic regression model was used for binary outcomes, and a Cox proportional hazard model was used for time to event analysis. All analyses were conducted using SAS Statistical Software, Version 9.3 (SAS Institute Inc, Cary, NC) and R Statistical Software, Version 3.0.1 (the R Foundation for Statistical Computing). A *P* value \<0.05 was considered to be statistically significant.

RESULTS
=======

After propensity score matching, a total of 3456 patients receiving FDCs of ARB/CCB and 864 patients receiving FDCs of ACE inhibitor/CCB were enrolled. Table [1](#T1){ref-type="table"} demonstrates the demographic and baseline characteristics of the 2 groups. There were no significant differences between the 2 groups in terms of age and gender. Comorbidity conditions, including Charlson Comorbidity Score and number of cases of diabetes, chronic kidney disease, and dyslipidemia, were also statistically the same. Baseline medications and overall pill burden were similar between the 2 groups.

###### 

Baseline Characteristics of the Study Patients
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Figure [2](#F2){ref-type="fig"} shows the Kaplan--Meier curves of MACE-free survival and demonstrates no significant difference between the 2 groups (HR: 1.21; 95% CI: 0.98--1.50; *P* = 0.083). In terms of secondary outcomes, including hospitalization for heart failure (Fig. [3](#F3){ref-type="fig"}A, HR: 1.15; 95% CI: 0.82--1.61; *P* = 0.431), new diagnosis of chronic kidney disease (Fig. [4](#F4){ref-type="fig"}A, HR: 0.98; 95% CI: 0.71--1.36; *P* = 0.906), and initiation of dialysis (Fig. [5](#F5){ref-type="fig"}A, HR: 0.99; 95% CI: 0.50--1.92; *P* = 0.965), no significant difference between the 2 treatment groups was observed.

![Comparison of the primary endpoints of FDCs of ARB/CCB versus ACE inhibitor/CCB: (A) all patient; (B) PDC \< 50; (C) PDC = 50--80; (D) PDC ≥80. ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blockers, CCB = calcium channel blockers, FDC = fixed-dose combination, PDC = proportion of days covered.](medi-94-e2355-g003){#F2}

![Comparison of the secondary endpoints of FDCs of ARB/CCB versus ACE inhibitor/CCB: hospitalization for heart failure---(A) all patients; (B) PDC \< 50%; (C) PDC 50% to 80%; (D) PDC ≥80. ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blockers, CCB = calcium channel blockers, FDC = fixed-dose combination, PDC = proportion of days covered.](medi-94-e2355-g004){#F3}

![Comparison of the secondary endpoints of FDCs of ARB/CCB versus ACE inhibitor/CCB: new diagnosis of chronic kidney disease---(A) all patients; (B) PDC \< 50%; (C) PDC 50% to 80%; (D) PDC ≥80. ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blockers, CCB = calcium channel blockers, FDC = fixed-dose combination, PDC = proportion of days covered.](medi-94-e2355-g005){#F4}

![Comparison of the secondary endpoints of FDCs of ARB/CCB versus ACE inhibitor/CCB: initiation of dialysis---(A) all patients; (B) PDC \< 50%; (C) PDC 50% to 80%; (D) PDC ≥80. ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blockers, CCB = calcium channel blockers, FDC = fixed-dose combination, PDC = proportion of days covered.](medi-94-e2355-g006){#F5}

We divided the patients into 3 categories according to the medication adherence status for subgroup analysis. Figures [3](#F3){ref-type="fig"}B--D, [4](#F4){ref-type="fig"}B--D, and [5](#F5){ref-type="fig"}B--D demonstrate that, regardless of the PDC, both primary and secondary outcomes were comparable for FDCs of ARB/CCB and ACE inhibitor/CCB.

DISCUSSION
==========

This retrospective claims database analysis compared clinical outcomes of 2 FDC regimens, ARB/CCB and ACE inhibitor/CCB, for hypertensive patients with no established cardiovascular diseases. All patients were followed for at least 3 years or until the development of MACEs. Overall, the FDCs of ARB/CCB had comparable primary and secondary outcomes to those of ACE inhibitor/CCB, regardless of the adherence status.

Inhibition of the RAS has become a major pharmaceutical biomedical objective in hypertension treatment as elevated RAS activity and high blood pressure are closely related. RAS inhibition has also been recognized as the cornerstone of evidence-based therapies for patients with high cardiovascular risk, left ventricular dysfunction after myocardial infarction, and heart failure.^[@R27]--[@R29]^

Evidence consistently demonstrates ACE inhibitors' efficacy in reducing mortality and MACEs for hypertensive patients.^[@R30]^ However, a meta-analysis conducted by Roberto Ferrari et al reported that the effect of treatment with ACE inhibitors on all-cause mortality was significant but that of treatment with ARBs was not.^[@R30]^ In diabetic patients, another recent meta-analysis demonstrated that ACE inhibitors reduced all-cause mortality, cardiovascular mortality, and MACEs, whereas ARBs did not.^[@R31]^ Strippoli et al\'s meta-analysis also showed that ACE inhibitors, but not ARBs, reduced all-cause mortality in patients with diabetic nephropathy.^[@R32]^ On the contrary, the ONTARGET trial, the largest randomized trial, reported equal potency of telmisartan, an ARB, and ramipril, an ACE inhibitor, at reducing cardiovascular events and death in patients with cardiovascular disease or high-risk diabetes.^[@R33]^ Similarly, the VALIANT trial showed that valsartan, another ARB, was as effective as ACE inhibitors at reducing cardiovascular morbidity and mortality in patients with left ventricular dysfunction after acute myocardial infarction.^[@R34]^ An increasing number of clinical trials have demonstrated that ARBs are just as effective as ACE inhibitors at blood pressure reduction,^[@R35]^ heart failure symptoms improvement,^[@R36]^ diabetic nephropathy prevention,^[@R37],[@R38]^ stroke reduction,^[@R39]^ and type 2 diabetes mellitus reduction.^[@R40]^

Despite previous controversial results of the effectiveness of ARBs and ACE inhibitors, more recent meta-analysis studies concluded that the available evidence did not support a difference in overall mortality or cardiovascular outcomes between ARBs and ACE inhibitors.^[@R41]--[@R43]^ What is more is that ARBs' intra-class differences in pharmacodynamic and pharmacokinetic properties may also contribute to the inconsistency in therapeutic effects as well as clinical outcomes beyond blood pressure control.^[@R44]^ In addition, the functional role of adrenergic system in hypertension and its complications are also related to the cardiovascular health in elderly patients.^[@R45],[@R46]^ Lymperopoulos et al elucidated that through the suppression of the β-arrestin 1-dependent signaling pathway, candesartan and valsartan are more potent than other ARBs at blocking adrenal aldosterone synthesis, which may translate to their superior clinical benefits in attenuating postmyocardial infarction remodeling and progression to heart failure.^[@R47],[@R48]^

For the majority of hypertensive patients, 2 or more antihypertensive agents are needed to achieve target blood pressure values.^[@R11]^ Combinations of 2 antihypertensive agents in a single pill have been shown to improve medication compliance^[@R49]--[@R52]^ and have therefore been recommended by hypertension guidelines.^[@R7]--[@R10]^ At least 30 clinical trials have compared different combination regimens with a placebo, a monotherapy, or other combinations.^[@R8]^ The blood pressure-lowering arm of the ASCOT-BPLA study was among the first studies to document the efficacy of a combination of an RAS inhibitor and a CCB in hypertension management.^[@R53]^ Furthermore, the ACCOMPLISH trial, which was a randomized, double-blind trial assigning 11,506 hypertensive patients at high risk of cardiovascular events to receive treatment with either benazepril/amlodipine or benazepril/hydrochlorothiazide, demonstrated that an FDC of ACE inhibitor/CCB (benazepril/amlodipine) was superior to an FDC of ACE inhibitor/thiazide at reducing cardiovascular events.^[@R15]^

Several small trials have confirmed the combination effect of ARBs and CCBs at reducing blood pressure.^[@R54]--[@R58]^ However, no trial has ever been performed to compare FDCs of ARB/CCB head-to-head with those of ACE inhibitor/CCB based on cardiovascular event outcomes. Although large-scale, randomized controlled trials are still not available, we designed a nationwide retrospective claims database analysis to draw such comparisons. In the present study, we demonstrated that FDC regimens of ARB/CCB were comparable to that of ACE inhibitor/CCB at reducing MACEs, hospitalization for heart failure, new diagnosis of chronic kidney disease, and initiation of dialysis. Our findings were consistent with the previous studies in showing the beneficial results of combining ARBs and CCBs, and support the use of FDCs of ARB/CCB as a valuable alternative to those of ACE inhibitor/CCB in hypertension management.

When we divided the patients into 3 categories according to their medication adherence status for subgroup analysis, there were no significant differences in both primary and secondary outcomes between FDCs of ARB/CCB and FDCs of ACE inhibitor/CCB in each subgroup. A possible explanation is that all data used in this study came from prescription information provided by individual physicians, which was not originally intended for study purposes. In a database analysis, it would be difficult to determine whether the prescribed medications were actually taken, and therefore, the use of PDC may over- or underestimate actual medication adherence.

As this retrospective cohort study was based on a claims database, there were inevitably other inherent limitations. For example, coding errors and typos are not uncommon in real-world practice. In addition, blood pressure, an important measurement of the efficacy of antihypertensive agents, could not be obtained at the baseline period or during follow-up periods. Possible risk factors such as smoking and socioeconomic status, and their effects were also difficult to be well assessed in this study.

Furthermore, the study group of the present analysis is limited to the Taiwanese population, which may not be representative of the Asian population or the world population. Additionally, there is growing evidence suggesting that single nucleotide polymorphisms of different genes, such as Pl(A1/A2), CaMK4 and G-protein-coupled receptor kinase 2, among different ethnic groups may affect the incidence of hypertension and the cardiovascular complications of hypertension.^[@R59]--[@R62]^ Finally, due to limitation of the number of patients studied, we did not perform further analyses regarding any association between intra-class differences of RAS inhibitors and clinical outcomes; neither did we perform subgroup analyses based on comorbidities such as diabetes and chronic kidney disease. A prospective randomized controlled trial is warranted for further validation of our results.

CONCLUSION
==========

In this retrospective database study in Taiwan, ARBs when compared with ACE inhibitors in FDC regimens that include CCBs were shown to be comparably effective at reducing the risks of MACEs, hospitalization for heart failure, new diagnosis of chronic kidney disease, and new initiation of dialysis in hypertensive patients with no established cardiovascular diseases. The results remained the same for patients across all adherence statuses.
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